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Electrical stimuli applied to the skin pass
through the epidermis to produce a response in
the cutaneous sensory receptors. Epidermal
thickness, according to Bishop (1), is a major
factor in determining the strength of the elec-
trical stimulus required to produce a threshold
response. It thus seems reasonable to assume that
the voltage at which the threshold response is
produced, threshold voltage, might be used as a
measure of epidermal thickness. Besides epi-
dermal thickness per se, other factors such as
temperature, humidity, sweat and sebum
secretion are variables which may also influence
skin resistance and result in the production of
variable responses. Furthermore the response
is a subjective one so that errors of interpretation
of threshold intensity are also inherent in this
method. For these reasons, it was felt that a
study of threshold voltage variations taken from
readings in the same area of the same individual,
over a long period of time, would be enlightening
and of value in interpreting the results of future
planned experiments. The data would also be
useful in determining the accuracy of a random
reading with respect to the mean value. Evalua-
tion of the precision of threshold voltage (TV)
readings during changes in epidermal thickness
would also be of interest and could be judged by
measurements taken while the epidermis is
thinned by stripping, or thickened by exposure
to ultraviolet light alone and with added psoralen
treatment. These studies were carried out by the
author on himself as a preliminary to a planned
broader investigation.
APPARATUS AND TEcHNIc
The square-wave stimulator is an electrical
apparatus which has been shown by Sigel (2, 3)
to be capable of measuring the response to
threshold electrical stimulation of the skin in
terms of threshold voltage. A Model S-4 Grass
Square-Wave Stimulator was employed for
electrical stimulation. Impulse duration of 0.1
milliseconds and impulse frequency of 50 cycles
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per second were used, with voltage as the only
variable. The active electrode consisted of a
curved EKG electrode padded with saline-
moistened gauze while the indifferent electrode
was a large piece of lead-tin material, similarly
padded.
The skin areas of the active electrode at
the antecubital area bilaterally, were outlined
in ink. The electrode was applied to these areas
and kept in place with an elastic band during
measurements. The author sat in front of the
apparatus, with the right leg resting on a stool,
upon which the inactive electrode had been
placed. With the active electrode on one fore-
arm, the free contralateral hand was used to
manipulate the voltage dial. The threshold volt-
age (TV) was determined by turning up the
voltage until a slightly perceptable, prickly, vi-
brating sensation was perceived in the electrode
area. Each reading thus obtained was recorded
as a "single" reading and the average of 3
such readings was recorded as an "individual"
reading.
CHARACTERISTICS OP TV READINGS
Table 1 shows characteristic variations of 36
consecutive "single" readings taken without
interval within 10 minutes. Differences as high
as 2 volts are shown between consecutive "single"
readings. Similar differences occur in the "indi-
vidual" readings. TV values on the left average
about 2 volts higher than those on the right, in
this set of readings.
Four more sets of 6 to 12 daily readings bi-
laterally were taken over a period of 18 months.
In these sets, 2 or 3 "individual" readings were
taken within 15 minutes! 30 minutes and one
hour (2 sets). These daily "individual" readings
were averaged to see if this would minimize the
variations. However, analysis of the averaged
readings statistically showed no advantage to
averaging. The readings on the right had to be
discarded because a fault in technic was indi-
cated, probably due to the fact that thickening
experiments had been attempted on the right
within this period. Readings on the left had no
significant differences between the means of time
262 THE JOURNAL OF INVESTIGATIVE DERMATOLOGY
TABLE 1
Left Right
Single JaT Single vidual Single viTi Single
12.5
12.5
12.5
12.5
12.0
11.5
12.0
12.0
9.5
10
10
10.0
9.5
10.0
9.5
9.5
12.5
12.5
12.5
12.5
12.0
12.0
12.5
12.0
9.0
9.5
9.0
9.0
11.0
11.0
11.0
11.0
12.5
12.5
13.0
12.5
12.5
11.5
12.0
12.0
9.5
9.5
9.5
9.5
11.0
11.0
11.0
11.0
13.0
13.0
13.0
13.0
12.0
12.0
11.5
12.9
9.0
9.0
9.0
9.0
10.5
11.0
11.0
11.0
13.0
12.5
13.0
13.0
11.5
12.5
12.0
12.0
9.5
9.0
9.5
9.5
10.5
10.5
10.5
10.5
13.0
13.5
12.5
13.0
11.5
11.0
11.0
11.0
10.0
10.0
10.0
10.0
11.0
11.0
10.5
11.0
36 "single" threshold voltage readings taken
without interval within 10 minutes on the left
antecubital area and 48 hours later on the right.
"Individual" readings are the average of 3 con-
secutive "single" readings. These readings are
illustrative of the fluctuation and range of the
variations in the measurements.
periods when compared to daily variations within
time periods. This indicated statistically that
the daily variations in biological factors plus the
measurement errors was as much variation as one
gets throughout the year and that the data of the
first "individual" readings could be combined.
These readings (Table 2) show the standard
deviation of "individual" measurements to be
1.9 volts, indicating that 67% of the daily meas-
urements fall within 1.9 volts on either side of the
mean, and that 95% of the measurements fall
within 3.7 volts on either side of the mean. Thus
the mean takes in 95% of the variations,
or a random reading would be within of
the mean.
STRIPPING EXPERIMENT
The electrode area on the left forearm was
chosen to be stripped with cellophane tape with
the contralateral antecubital area serving as the
control site. Sixteen consecutive strippings were
made, and after each stripping, "individual" TV
readings were taken bilaterally. On the day fol-
lowing the experiment, "individual" readings
were taken bilaterally and continued daily
(except for a 2 day period) for the next 11 days.
An irregular decrease in TV values was noted
in the stripped area, starting with the 4th strip-
ping. The right-minus-left values reflected this
drop by a rise starting after the 6th stripping and
continuing to increase irregularly (Table 3).
The daily post-stripping readings indicated a
gradual recovery of TV values to pre-strip
levels at about 11 days. This was shown both in
the TV readings on the left and in the right-
minus-left TV values.
These results were interpreted as indicating:
1) that the electrical sensibility threshold is
strongly influenced by stratum corneum thick-
ness, 2) that thinning of the stratum corneum
can be demonstrated by TV measurements and
TABLE 2
Perind Day TV Perind Day TV
1
2
1
1
2
3
4
5
6
7
8
9
10
12.5
—----—-—
10.0
10.0
11.0
11.5
13.5
12.0
9.5
10.0
9.5
12.5
4 1
2
3
4
5
6
7
8
9
10
11
12
8.0
12.5
12.5
13.0
9.5
10.5
12.0
12.5
11.0
10.5
8.0
13.0
3 1
2
3
4
5
6
—
9.5
16.0
11.5
10.0
12.0
10.0
5 1
2
3
4
5
6
7
8
9
10
11.0
12.0
10.5
9.0
9.0
12.0
15.5
15.0
11.0
11.0
First daily "individual" readings for 5 periods
of time for the left arm. The first period is the first
"individual" reading seen in table 1. The mean of
the combined readings is 11.5 volts. Standard
deviation is 1.9 volts, i.e. random readings would
lie within of the mean in 95% of the cases.
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TABLE 3
Stripping experiment
Stripping Post-Stripping
Right Rt.—Lt. Day
TABLE 4
TV Left Right
rv No. Left TV Rt
No.
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
1
2
3
6
7
8
9
10
11
TV
Left
14.0
14.0
14.0
13.0
12.5
12.5
14.5
13.5
10.5
10.5
8.5
14.0
7.5
16.0
7.5
9.0
8.0
10.0
10.5
8.5
12.5
10.5
9.0
12.0
12.0
Rt.—
Lt.
4.0
4.5
7.5
0.5
2.5
2.5
1.5
1.5
1.0
12.0
14.5
18.0
9.0
14.0
13
10.5
13.5
13.0
14.5
18.0
13 .0
14.5
14.0
18.0
23.0
15.0
15.0
17.0
16.0
23.0
14.0
26.0
13.0
15.0
0.5
4.0
—1.0
1.5
1.5
5.5
8.5
1.5
4.5
6.5
7.5
9.0
6.5
10.0
5.5
6.0
U.V. Mm.
1
3
5
5
5
5
5
10
10
10
15
15
15
Rx ended
Day No.
1
2
3
4
5
8
9
10
11
12
13
15
16
17
18
19
22
23
24
25
26
27
29
30
31
32
33
36
37
38
39
40
42
43
44
45
46
47
49
51
52
53
54
56
58
59
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46
11.5
11.5
11.0
11.5
10.5
13.0
10.0
9.5
8.0
12.0
12.5
14.0
12.5
10.5
11.5
11.0
11.0
10.5
11.0
10.0
7.5
10.5
10.0
9.5
10.5
11.5
11.5
12.5
10.0
11.5
9.0
9.0
10.0
11.0
9.5
12.0
11.0
12.5
13.0
10.0
13.0
12.0
14.5
11.0
11.0
10.5
11.5
12.0
13.0
11.0
13.0
14.0
13.0
10.5
11.5
12.5
15.0
17.0
17.0
13.0
15.5
15.5
18.0
15.0
13.0
14.5
13.5
18.0
14.5
15.5
14.0
18.0
14.0
17.0
12.5
13.0
14.5
11.0
16.0
14.0
11.0
16.0
12.5
14.0
14.0
14.0
16.0
16.0
15.0
13.0
10.5
10.0
RT.—Lt.
0
0.5
2.0
—0.5
2.5
1.0
3.0
1.0
35
0.5
2.5
3.0
4.5
2.5
4.0
4.5
7.0
4.5
2.0
4.5
6.0
7.5
4.5
6.0
3.5
6.5
2.5
4.5
2.5
1.5
5.5
2.0
6.0
3.0
7.5
4.0
1.5
1.5
1.0
4.0
3.0
4.0
0.5
2.0
—0.5
—0.5
Note irregular drop in TV values on left
stripped area and irregular rise in difference be-
tween left and right as stripping number increases.
Daily bilateral TV readings reflect epithelial re-
covery by gradually increased TV values on the
left and decreasing differences between left and
right TV values.
3) that thickening of the stratum corneum, in
recovery, was also demonstrated by TV meas-
urements.
ULTRAVIOLET LIGHT EXPERIMENT
An attempt was made to measure increased
stratum corneum thickness induced by ultra-
violet light therapy, as described by Becker (4).
This experiment was done 7 months after the
previous one to allow for complete recovery.
The right forearm electrode area was chosen as
the treatment site and TV readings were taken
daily bilaterally, during, and after completion of,
the treatments. Statistical evaluation of the
readings, however, showed no significant in-
creases in TV values as a result of the treatments.
It was concluded that the stratum corneum
thickening which may have occurred as a result
of the ultra-violet treatment was not sufficient
to be demonstrated by TV measurements.
ULTRAVIOLET LIGHT AND
8-Mop EXPERIMENT
The above experiment was repeated 6 months
alter with the addition of 20 mg. of 8-methoxy-
Above readings show the result of oral 8-MOP
pius ultraviolet light treatment to the right ante-
cubital area. Control readings were taken on the
left untreated antecubital area. The readings are
highly significant (p < 0.01) in indicating a rise
and fall of difference between left and right arm.
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psoralen taken by mouth 1 to 2 hours before
irradiation of the right antecubital area. Ultra-
violet light was administered daily (except for
one skipped day) with a ilanovia hot-quartz lamp
at 20 inches, for 13 days, with exposures of 1, 3, 5,
5, 5, 5, 10, 10, 10, 15 and 15 minutes each day
respectively. TV readings were taken after each
treatment and continued for a total of 45 readings
over a period of 59 days (Table 4).
Using the difference between left and right arm
readings, as a measure, a second degree curve of
best fit, by the statistical method- of least-
squares, was fitted to the data. Although treat-
ment stopped on the 16th day, the maximum
difference, according to this hypothetical curve,
was estimated at 4.7 volts on the 31st day, after
which a decline occurred which would reduce the
two arms to comparability by the 60th day. An
analysis of variance showed the curve to be highly
significant (p. < 0.01) in indicating a rise and
fall of difference between left and right arm.
Cursory examination of the TV readings on
the right arm (Table 4) shows an irregular but
definite increase in TV values, starting at about
the 13th day and reaching a maximum between
the 22nd and 32nd day, following which there is
an irregular decline to the 59th day.
These results were interpreted as indicating
again that the electrical sensibility threshold is
strongly influenced by stratum corneum thick-
ness and that thinning or thickening of the
epidermis is demonstrable by TV measurements.
DJ5CU55JON
Although the biological and human variations
inherent in the method of TV measurements
produce readings which are in almost continuous
flux, the readings can be meaningful and appear
to be useful in measuring changes in stratum
eorneum thickness. The TV measurements in the
ultraviolet light experiment were not precise
enough to reflect changes produced by ultra-
violet alone, although the increased epidermal
thickness induced by combined ultra-violet and
8-MOP were demonstrable. This may be due, as
described by Becker (5), to the greater compact-
ness of epithelial cells and thickening of the
stratum lueidum by the latter modality. Daniels
and Bergeron (6) were able to detect decreased
sensory responses to two-point pin-prick dis-
crimination for more than 5 months after 8-MOP
and ultra-violet treatment to skin areas. They
also found no decreased sensory responses in
areas treated with ultra-violet alone. The epi-
thelial recovery from 16 strippings within 11
days, as noted in our experiment, is comparable
to the findings of Monash and Blank (7) who
reported that the recovery of normal stratum
corneum after 35 strippings required about 2
weeks with their method of barrier penetration
by an anesthetic agent.
Another factor in the stripping experiment
which may have influenced the drop in sensibility
threshold is the possible interruption or removal
of the "barrier zone" in the stripping process.
How much of a barrier this electrolytic double
membrane may form to electrical penetration of
the epidermis is unknown and would have to be
elucidated before ascribing all of the changes in
sensibility threshold, here observed, solely to
epidermal thinning.
In a previous report by Sigel (8), in which the
correlation between threshold electrical stimula-
tion and threshold primary irritant reaction was
discussed, it was proposed that the common
factor which related the two diverse phenomena
was epidermal thickness. It was first suggested at
that time that threshold voltage measurements
might be utilized as an estimate of epidermal
thickness. Although the present study is only the
beginning of an attempt to confirm this concept,
the results here appear to lend encouragement
to it.
5UMMAEY AND CONCLU5JON5
1. Electrical sensibility threshold measure-
ments were studied in one individual, on the same
skin areas, over a period of about 18 months, to
evaluate the human and biological variations
and the ability of the method to discern changes
in epidermal thickness.
2. Statistical analysis of the variations in
threshold voltage (TV) readings indicated a
standard deviation of 1.9 volts with the accuracy
of a random reading estimated within of
the mean in 95% of the readings.
3. TV measurements taken after successive
skin strippings and daily post-strip readings with
compared contralateral control measurements
indicate that the threshold voltage is strongly
influenced by epidermal thickness and may be
useful as a measure of epidermal thickness.
4. Thickening of the epidermis with ultra-
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violet light alone was not demonstrable with TV
readings.
5. Epidermal thickening with combined ultra-
violet light and oral 8-MOP treatment was
demonstrable and measurable by TV readings
by comparison with the control area and within
the treated area itself.
6. It was concluded that TV measurements
could be useful in measuring epidcrmal thickness
despite limitations due to biological and human
variations.
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